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To examine the role of two light chains (LCs) of the myosin II on Ca2+ regulation, we produced hybrid
heavy meromyosin (HMM) having LCs from Physarum and/or scallop myosin using the smooth mus-
cle myosin heavy chain. Ca2+ inhibited motility and ATPase activity of hybrid HMMs with LCs from
Physarum myosin but activated those of hybrid HMM with LCs from scallop myosin, indicating an
active role of LCs. ATPase activity of hybrid HMMs with LCs from different species showed the same
effect by Ca2+ even though they did not support motility. Our results suggest that communication
between the original combinations of LC is important for the motor function.
 2010 Federation of European Biochemical Societies. Published by Elsevier B.V. All rights reserved.2+1. Introduction
Myosin II is a conventional myosin that is found in the cells of
animals, including scallop muscle, as well as in the cells of protista,
including Physarum plasmodium. It is composed of six peptides of
two myosin heavy chains (HC) and two pairs of myosin light chains
(LCs), which are classiﬁed into essential light chain (ELC) and reg-
ulatory light chain (RLC) classes [1–4]. In the myosin of vertebrate
skeletal and cardiac muscles, the binding of Ca2+ to troponin fol-
lowed by release from troponin regulates the interaction of myosin
with actin ﬁlaments [5]. Regulation of the myosin of vertebrate
smooth muscle is also indirect, occurring through Ca2+-dependent
phosphorylation by myosin light chain kinase in association with
Ca2+/calmodulin. The myosin can interact with actin ﬁlaments by
the phosphorylation of the RLC [6].
Data on regulation caused by the binding of Ca2+ to myosin are
mostly limited to myosins of scallop striated muscle [7] and Physa-chemical Societies. Published by E
MHC, smooth muscle HMM
l ﬂuoride hydrochloride; HC,
ry light chain; ScELC, scallop
ight chain; PhELC, Physarum
amura).rum plasmodium [8]. The Ca -binding sites of both myosins are in
the ELC. The former is in the scallop essential light chain (ScELC)
[9], and the latter is in the Physarum essential light chain (PhELC)
[10,11]. Despite their common properties, Ca2+-binding to ScELC
activates myosin ATPase activity, whereas Ca2+-binding to PhELC
inhibits myosin ATPase activity [12]. Since the two opposite Ca2+-
regulated effects were discovered, the way how Ca2+ regulates
the actomyosin system has been studied. But, the role of LCs of
the Ca2+-binding myosins is unclear.
To explore the role of LCs underlying the activating and inhibit-
ing effects on myosin ATPase, one feasible approach is that to pro-
duce hybrid myosins or heavy meromyosins (HMMs) that are
associated with LCs from scallop and/or Physarum myosins. Treat-
ing scallop myosin by EDTA yielded RLC-deﬁcient myosin that can
bind RLC from various myosins [13]. Treating vertebrate smooth
muscle myosin by triﬂuoperazine and ammonium chloride re-
moved both RLC and ELC, and the resultant myosin HC could bind
RLC and ELC to produce hybrid myosins [14,15]. However, both
treatments involved some difﬁculty in producing hybrids. Inspired
by the previous success of the Trybus group in expressing the hy-
brids of smooth muscle HMM (SmHMM) associated with skeletal
muscle LCs, cardiac muscle LCs, and their chimera using a baculo-
virus expression system in Sf9 cells [16,17], we attempted to pro-
duce hybrid HMMs incorporating scallop and/or Physarum myosinlsevier B.V. All rights reserved.
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study, we expressed the hybrid HMMs that were associated scallop
and/or Physarum LCs by the same expression system and measured
changes in the effects of Ca2+.2. Materials and methods
2.1. Materials
Restriction and other modifying enzymes were purchased from
Takara Shuzo Co. (Kyoto, Japan). ATP and diisopropylfuorophos-
phate (DFP) were purchased from Sigma–Aldrich Chemical Corp.
(St. Louis, MO, USA). Dithiothreitol (DTT), V8 protease, and 4-(2-
aminoethyl)-benzenesulfonyl ﬂuoride hydrochloride (ABSF) were
purchased from Wako Pure Chemical Industries (Osaka, Japan).
Glucose oxidase and catalase were purchased from Sigma. All other
chemicals were commercial products of reagent grade. Solutions
were made using MilliQ water (Millipore, MA, USA). Smooth mus-
cle myosin (myosin II isoform) was puriﬁed from chicken gizzard
as previously described [18]. HMM was prepared by chymotryptic
digestion as previously described [19]. Physarummyosin was puri-
ﬁed from Physarum plasmodia as previously described [20]. Scallop
myosin was prepared from the striated muscle of Patinopecten
yessoensis following Kendrick-Jones et al. as described previously
[21]. Actin was puriﬁed from the acetone powder of the chicken
skeletal muscle by the method of Spudich and Watt [22] with
slight modiﬁcation [23] and used as actin ﬁlaments after
polymerization.
2.2. Construction of recombinant baculovirus transfer vectors
The baculovirus transfer vector for smooth muscle HMM heavy
chain (SmHMMHC) (GenBank™ accession number X06546) was
constructed as described previously [24]. To facilitate the puriﬁca-
tion of hybrid HMM, a His-tag sequence was further attached to
the C-terminus of cDNA of SmHMMHC. We constructed recombi-
nant baculoviruses using the Bac-to-Bac system (Invitrogen, CA,
USA) with cDNA of Physarum regulatory light chain (PhRLC) (Gen-
Bank™ accession number AB076706) [25], scallop regulatory light
chain (ScRLC) (GenBank™ accession number M17208) [26], PhELC
(GenBank™ accession number J03499) [11], and ScELC (GenBank™
accession number M17201) [26]. Recombinant baculoviruses for
each LC were obtained by the protocols of the Bac-N-Blue™ Trans-
fection and Expression Guide (Invitrogen) [27]. Brieﬂy, 4 lg pBlue-
Bac 4.5 containing single light chain cDNA was co-transfected to
Sf9 cells with 1 lg Bac-N-Blue™ DNA by cationic liposome-medi-
ated transfection according to the protocol provided by Invitrogen.
The transfection supernatant of P1 stock after 72 h incubation was
harvested, and the titer as expressed in plaque-forming units (pfu)/
ml of the P1 stock supernatant containing recombinant virus was
determined by blue plaque assay according to the protocol pro-
vided by Invitrogen. To obtain high-titer viral stocks, Sf9 cells were
infected with virus in P1 stock. We harvested the supernatant after
90–100% of the cells were lysed after the infection of ﬁve days and
determined pfu/ml. When the pfu/ml was low, we repeated the
above procedures, obtaining high titer stocks of 108 pfu/ml.
2.3. Expression and puriﬁcation of recombinant hybrid HMMs
The Sf9 cells were coinfected with three separate viruses
(SmHMMHC, ELC, and RLC) at the same multiplicity of infection
of 1. The infected cells were grown for 72 h at 27 C. The cells
expressing a hybrid HMM were then pelleted by centrifugation,
followed by suspension in buffer containing 20 mM Tris–HCl (pH
7.5), 1 mM MgCl2, 1 mM EGTA, 5 mM 2-mercaptethanol, 1 mMABSF, and His-Tag protein protease inhibitor cocktail (Roche, IN,
USA). Next, the suspension was sonicated. The lysis was adjusted
to 0.2 M NaCl and 1 mM ATP after sonication in order to release re-
combinant myosin from endogenous actin and then centrifuged for
1 h at 15 000g to remove cell debris and unbroken cells. The
supernatant was mixed with Ni–NTA agarose afﬁnity column chro-
matography (Qiagen, Germany) in a 50 ml beaker with a rotating
wheel for 3 h at 4 C and then loaded on a column. The column
was washed with a solution of 0.6 M NaCl, 20 mM Tris–HCl (pH
7.5), 5 mM MgCl2, 1 mM EGTA, 20 mM imidazole (pH 7.5),
0.1 mM ABSF, and 5 mM 2-mercaptethanol. The hybrid HMM
was then eluted with a solution of 0.6 M NaCl, 20 mM Tris–HCl
(pH 7.5), 5 mM MgCl2, 1 mM EGTA, 200 mM imidazole (pH 7.5),
0.1 mM ABSF, and 5 mM 2-mercaptethanol. Fractions were sub-
jected to SDS–PAGE analysis, and those containing HMM were
pooled and concentrated to 500 ll using an Amicon Ultra centrifu-
gal Filter Unit (Millipore, MA, USA). The concentrate was further
subjected to Superose™6 column chromatography (GE Healthcare,
Buckingham, UK) in 0.3 M KCl, 20 mM Tris–HCl (pH 7.5), and 5 mM
2-mercaptethanol. The eluate from the column containing HMM
was concentrated to 0.05–0.1 ml using the ﬁlter unit. With this
procedure, approximately 100 lg HMM was obtained from 108
cells. All the protein samples were used within one week and were
always kept on ice.
2.4. Steady-state ATPase activity assay
ATPase activity (speciﬁc activity of hybrid HMMs as expressed
by s1 per myosin head) was determined by continuously measur-
ing the release of inorganic phosphate (Pi) according to the method
of Webb [28], using an EnzChek Phosphate Assay Kit (Invitrogen,
CA, USA). The reaction mixture for the assay contained 20 mM
Tris–HCl (pH 7.5), 40 mM KCl, 1.5 mM MgCl2, 0.1 mM DTT,
0.5 mM ATP, 0.05 lM hybrid HMM, 5 lM actin ﬁlaments as ex-
pressed by monomeric actin concentration, and 0.1 mM EGTA or
0.1 mM CaCl2. After pre-incubating for 10 min at 25 C, the reaction
was started by adding ATP to monitor the released Pi.
2.5. Transient kinetics assay by single turnover method
Mant-ATP at 1 lM was mixed with 0.5 lM hybrid HMM (myo-
sin head concentration) for mant-ATP ﬂuorescence measurements
in buffer consisting of 40 mM KCl, 1.5 mMMgCl2, 0.1 mM DTT, and
20 mM Tris–HCl (pH 7.5) in the presence of 0.1 mM EGTA or
0.1 mM CaCl2 according to the method described as Katayam
et al. [29]. Changes in the ﬂuorescence due to the binding to and
release from the HMM were detected as the energy transfer from
tryptophan excited at 290 nm, and the emitted light at 440 nm
was recorded by a ﬂuorometer (F-4500; Hitachi, Tokyo, Japan).
Data sets were ﬁtted to the double-exponential equations with a
ﬂoating end point using Sigma Plot version 10.0.
2.6. In vitro motility assay
The in vitro motility assay was performed as described previ-
ously [30] with slight modiﬁcation [12]. Brieﬂy, actin ﬁlaments la-
beled with rhodamine–phalloidin (Molecular Probes, USA) were
introduced into the ﬂow cells constructed between a glass slide
and a coverslip coated with hybrid HMM in motility assay buffer
consisting of 10 mM KCl, 2 mM ATP, 1 mM MgCl2, 10 mM imidaz-
ole (pH 7.5), 25 mM DTT, and 0.1 mM EGTA or 0.1 mM CaCl2. Glu-
cose oxidase (0.2 mg/ml), catalase (0.04 mg/ml), and glucose
(4.5 mg/ml) were added to the motility assay buffer to prevent
photobleaching of the rhodamine. The movement of actin ﬁla-
ments was recorded under a ﬂuorescence microscope equipped
with a silicone-intensiﬁer target camera. The average velocity
Fig. 2. Speciﬁc actin-activated ATPase activities of SmHMMHC associated with LCs
from Physarum and scallop myosins in EGTA and in Ca2+. The ATPase activity of four
hybrid HMMs was measured in EGTA and in Ca2+. We also measured the ATPase
activity of smooth muscle HMM as a negative control because it cannot be
regulated by Ca2+-binding. Error bars: ±SEM, **P < 0.01. NS: not signiﬁcant.
3488 Y. Zhang et al. / FEBS Letters 584 (2010) 3486–3491was determined using WCIF Image J. The experiment results were
presented as the mean ± SD of 60 actin ﬁlaments for each
experiment.
2.7. Other procedures
SDS–PAGE was carried out on a 15% polyacrylamide gel using
the buffer system of Laemmli [31] with slight modiﬁcation [32].
Glycerol PAGE gel was carried out as described previously [33].
Protein concentrations were determined by Bio-Rad protein assay
[34] using bovine serum albumin as a standard. Statistical signiﬁ-
cance was determined by Student’s t-test or one-way ANOVA using
Sigma Stat version 3.1. A P value <0.05 was considered statistically
signiﬁcant.
3. Results and discussion
3.1. Expression and puriﬁcation of hybrid HMMs
We obtained four hybrid HMM constructs (Fig. 1A) composed of
SmHMMHC in association with (1) PhELC and PhRLC, (2) ScELC
and ScRLC, (3) PhELC and ScRLC, and (4) ScELC and PhRLC. As a con-
trol, we also obtained smooth muscle HMM that is composed of
SmHMMHC in association with smooth muscle ELC (SmELC) and
smooth muscle RLC (SmRLC) (Supplementary Fig. S1). The SDS–
PAGE of puriﬁed hybrid HMMs was shown as Fig. 1B. Because
the molecular weight of ScRLC, ScELC and PhRLC are close
(18 kDa), the mobilities of them are almost the same as that of
SDS–PAGE; we conﬁrmed the association of LCs with the hybrid
HMMs by separating the LCs by glycerol PAGE (Fig. 1C) as de-
scribed [35]. Each hybrid HMM contained HC, ELC and RLC, with
a stoichiometry of 1.0:0.9–0.95:0.9–1.0, as determined by gel
densitometry.Fig. 1. Constructs and puriﬁcation of hybrid HMMs. (A) Schematic diagram of hybrid
Physarum and/or scallop myosins. (B) 12.5% SDS–PAGE of four puriﬁed hybrid HMMs
markers. Lanes 1–4: hybrid HMMs associated with various LCs. (C) Glycerol PAGE dem
HMMs.3.2. The Role of LCs of Ca2+-binding myosins on the effect of Ca2+
We measured the actin-activated ATPase activity of hybrid
HMMs in the presence and absence of Ca2+ using SmHMM as a con-
trol. The ATPase activity of SmHMMHC with SmELC and SmRLC
was 0.055 s1 whether Ca2+ was present or not (Fig. 2). This ﬁgureHMMs. They have the same SmHMMHC (the black part) but different LCs from
associated with LCs of Physarum and scallop myosins. Lane M: Molecular weight
onstrating LCs of puriﬁed scallop myosin, Physarum myosin, and expressed hybrid
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produced by proteolysis of smooth muscle myosin [19,29] and
the expression of SmHMM components in Sf9 cells [16,24]. The ef-
fect of Ca2+ was detectable with recombinant hybrid HMMs with
LCs of Ca2+-binding myosins. Our result showed that Ca2+ inhibited
actin-activated ATPase activity of hybrid HMM with Physarum
myosin LCs of PhRLC and PhELC. In the absence and presence of
Ca2+, actin-activated ATPase activities were 0.87 ± 0.09 s1 and
0.22 ± 0.01 s1, respectively. On the other hand, Ca2+ activated
the actin-activated ATPase activity of hybrid HMM with scallop
myosin LCs of ScRLC and ScELC. In the absence and presence of
Ca2+, actin-activated ATPase activities were 0.39 ± 0.03 s1 and
0.64 ± 0.04 s1, respectively (Fig. 2). According to the previous re-
port [36,37], the steady-state actin-activated ATPase activity of hy-
brid HMMs can be dominated by a small fraction of unregulated
molecules. We have therefore used single turnover method to
measure the basal ATPase activity of hybrid HMMs in the absence
and presence of Ca2+. The result showed that Ca2+ inhibited the ba-
sal ATPase activity of hybrid HMM with Physarum myosin LCs of
PhRLC and PhELC. It had the rate constants of 7.1  102 and
2.5  102 s1 in the absence and presence of Ca2+, respectively.
On the other hand, Ca2+ activated the basal ATPase activity of hy-
brid HMM with scallop myosin LCs of ScRLC and ScELC, with the
rate constants of 5.7  102 and 1.1  101 s1 in the absence
and presence of Ca2+, respectively (Supplementary Table 1). The
relative effects of Ca2+ (inhibition and activation) on the basal ATP-
ase activity of hybrid HMMs (SmHMMHC with PhRLC and PhELC
and SmHMMHC with ScRLC and ScELC) by single turnover method
were in accordance with that of Ca2+ on actin-activated ATPase
activity by steady-state method.
The Ca2+-regulation in the motor activity of the expressed HMM
was examined using in vitro motility assay. We coated a glass sur-
face with the hybrid HMM of SmHMMHC with PhELC and PhRLC.
The velocity of the actin ﬁlament decreased from 0.53 ± 0.14 lm/s
in EGTA, and to 0.33 ± 0.10 lm/s in Ca2+ (Table 2). However, move-
ments of actin ﬁlaments were hardly detectable in the EGTA on the
surface coated with the hybrid HMM of SmHMMHC with ScELC
and ScRLC. In the presence of Ca2+, the velocity of actin ﬁlaments
was 0.36 ± 0.08 lm/s. These observations were in agreement with
the observation with native Physarum and scallop myosin [12]
even though the two hybrid HMMs had smooth muscle HMM hea-
vy chains. Considering that both hybrids share SmHMMHC but the
different effect by Ca2+, we concluded that LCs determine the effect
of Ca2+ (stimulatory or inhibitory).
3.3. The role of ELC of Ca2+-binding myosins on the effect of Ca2+
To examine which LC (ELC class or RLC class) is responsible for
activating or inhibiting HMM ATPase activity, we also assayed theTable 1
The relative actin-activated ATPase activities of hybrid HMMs in EGTA and in Ca2+ and
the effect of Ca2+ on them.
Hybrid HMM constructs The relative actin-activated ATPase
activities
EGTAa (%) Ca2+b (%) Effect of Ca2+c (%)
SmHMMHC, PhRLC, and PhELC 100 25.0 75.0;
SmHMMHC, ScRLC, and ScELC 100 163.2 63.2"
SmHMMHC, PhRLC, and ScELC 100 147.6 47.6"
SmHMMHC, ScRLC, and PhELC 100 49.6 50.4;
a The actin-activated ATPase activities of hybrid HMMs were considered as 100%
in EGTA.
b The actin-activated ATPase activities in Ca2+/in EGTA  100.
c Effect of Ca2+ (%)c = Ca2+ (%)b  EGTA (%)a/EGTA (%)a  100; ; means inhibition;
" means activation.movements of actin ﬁlaments on the surfaces of the hybrid HMMs
with LCs of different species of myosins. As showed in Table 2, the
HMMs of SmHMMHC with PhELC and ScRLC and SmHMMHCwith
ScELC and PhRLC did not support the motility of actin ﬁlaments in
EGTA or in Ca2+. Although hybrid HMMs with LCs from different
species of myosins did not support motility, we measured actin-
activated and the basal ATPase activities of them.
The actin-activated ATPase activity of SmHMMHC with ScRLC
and PhELC was 0.30 ± 0.04 s1 in the presence of Ca2+ and
0.61 ± 0.05 s1 in the presence of EGTA (Fig. 2). However, the ac-
tin-activated ATPase activity of SmHMMHC with PhRLC and ScELC
increased from 0.19 ± 0.01 s1 in EGTA to 0.28 ± 0.02 s1 in Ca2+. By
the use of single turnover method, the basal ATPase activities of
SmHMMHC with ScRLC and PhELC were 2.3  102 s1 and
1.9  102 s1 in the absence and presence of Ca2+. On the other
hand, the basal ATPase activities of SmHMMHC with PhRLC and
ScELC were 4.3  102 s1 in EGTA and 5.6  102 s1 in Ca2+. We
detected the activating effect of Ca2+ on the basal ATPase activity
of SmHMMHC with PhRLC and ScELC and the inhibitory effect of
Ca2+ on that of SmHMMHC with ScRLC and PhELC by the use of
single turnover and steady-state methods (Supplementary Table
1). Comparing to these results, we detected an inhibitory effect
when the ELC class was from Physarum myosin and an activating
effect when it was from scallop myosin (Table 1). Therefore, we
concluded that the ELC class, rather than the RLC class, plays an
essential role in the effect of Ca2+.
It is noteworthy that the effect of Ca2+ on the actin-activated
ATPase activity of hybrid HMMs with LCs from different myosins
is less obvious than that of the hybrid HMMs with LCs from the
same myosins (Table 1). According to these results, in the case of
hybrid HMMs with LCs from different species of myosins, ELC
could not well produce full inhibitory or activating effect even
though it was necessary for the effect of Ca2+. The results suggested
that the combination between LCs from the different species of
myosins did not work enough to produce full inhibitory or activat-
ing effect in the presence of Ca2+. This was perhaps the one of rea-
sons why no movements of actin ﬁlaments were observed on the
hybrid HMMs with LCs from different species.
Another noteworthy point is that lack of movement of actin ﬁl-
aments does not necessarily indicate lack of interaction between
actin and myosin. As depicted in Fig. 3, the image of actin ﬁlaments
in EGTA under a ﬂuorescence microscope was quite different from
that in Ca2+. Actin ﬁlaments in the motility assay on the surface of
the hybrid HMMs consisting of SmHMMHC with PhELC and ScRLC
in EGTA and of SmHMMHC with ScELC and PhRLC in Ca2+ were
fragmented. We suppose that there are two possibilities about
the forming of fragmentation of actin ﬁlaments. One possibility is
that some form of heterogeneity in the preparation of hybrid
HMMs. According to the results of the basal ATPase activity of hy-
brid HMMs, the effects of Ca2+ on the hybrid HMMs between stea-Table 2
The velocity of actin ﬁlaments on SmHMMHC associated with LCs from Physarum
and/or scallop myosins in EGTA and in Ca2+. Motility was supported by the hybrid
HMM with LCs of the same species of myosins. However, the hybrid HMM with LCs of
the different species of myosins did not support the movement of actin ﬁlaments.
Values are mean ± SD from three independent experiments. NDM means no detected
motility.
Hybrid HMM constructs Velocity of actin ﬁlaments (lm/s)
EGTA Ca2+
SmHMMHC, PhRLC and PhELC 0.53 ± 0.14 0.33 ± 0.10a
SmHMMHC, ScRLC and ScELC NDM 0.36 ± 0.08b
SmHMMHC, PhRLC and ScELC NDM NDM
SmHMMHC, ScRLC and PhELC NDM NDM
a Statistical signiﬁcance was determined by Student’s t-test (P < 0.05).
b Statistical signiﬁcance was determined by Student’s t-test (P < 0.001).
Fig. 3. Images of actin ﬁlaments on a surface coated with the hybrid HMMs with
LCs of different species of myosins. In spite of the failure of the motility, the images
of the actin ﬁlaments in EGTA were not similar to those in Ca2+. NB. The fragmented
ﬁlaments denote interaction between actin ﬁlaments with the hybrid HMM with
LCs of PhRLC and ScELC in Ca2+ and the hybrid HMMwith LCs of ScRLC and PhELC in
EGTA, and the long ﬁlaments denote the absence of interaction.
3490 Y. Zhang et al. / FEBS Letters 584 (2010) 3486–3491dy-state and single turnover methods are very similar. In other
words, Ca2+ inhibited the basal and actin-activated ATPase activi-
ties of hybrid HMMs with LCs from Physarum myosin by single
turnover method (64.8%) and steady-state method (75%), and
Ca2+ activated that of hybrid HMMs with LCs from scallop myosin
by single turnover method (93.0%) and steady-state method
(63.2%). On the other hand, the ATPase activities of hybrid HMMs
with LCs from the different myosin showed the same activating ef-
fect of Ca2+ (30.2% and 47.6%) on SmHMMHC with PhRLC and
ScELC and the same inhibitory effect of Ca2+ (17.4% and 50.4%) on
SmHMMHC with ScRLC and PhELC by the use of single turnover
and steady-state methods. The rate constants of slow phase were
very low for hybrid HMMs in EGTA and in Ca2+. Thus, we could
not observe the heterogeneity in the preparation of hybrid HMMs
by using the single turnover method. The other possibility is that
fragmentation of actin may indicate that some heads are forming
long-lifetime ‘‘rigor” like bonds with actin while others are going
through a crossbridge stroke to develop tension. This may be due
to the particular duty cycle of the hybrid HMMs with LCs from
the different myosin. Thus, we assumed that fragmentation indi-
cated interaction between myosin and actin ﬁlaments, but chemi-
cal energy due to the hydrolysis of ATP by hybrid HMMs with LCs
from different species of myosins was not converted to mechanical
energy to support motility. We assayed the reason based the inter-
action between PhELC and PhRLC, and ScELC and ScRLC. We sup-
pose that the ﬂexibility of conformation or intramolecular
communication between PhELC and ScRLC, and ScELC and PhRLC,
is not appropriate. Therefore, the hybrid HMMs with LCs from dif-
ferent species could not produce motor activity to slide actin ﬁla-
ments based on the following reports. Recent analysis of the
crystal structure of the Physarum myosin regulatory domain dem-
onstrated that the N- and C-lobes of PhRLC were closer than those
of ScRLC [38]. Moreover, the crystal structure of scallop myosin
exhibited a linkage between ScELC and Gly117 of the ScRLC [39].
Comparing the sequence of amino acid of PhRLC and that of ScELC
indicated that Ala117 of PhRLC differs from Gly117 of ScRLC. Deb-
reczeni et al. [38] reported that the ﬁrst helix of ScELC has an extra
turn interacting with ScRLC. These differences between RLCs and
ELCs of Physarum and scallop myosins cause more speciﬁc interac-
tion between two LCs of the same species than that between those
of the different species. Thus, we speculate that a speciﬁc interac-tion between ELC and RLC (e.g., PhELC and PhRLC; ScELC and
ScRLC) exists, and that ELC and RLC could communicate. Our re-
sults suggest that communication between pairs of ELC and RLC
is important for motor function. To elucidate the intramolecular
signal transmission in Physarum myosin, more detailed studies
and measurement of crystal structure are undoubtedly required.
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